T
HE extent of infection of the corn grain by fungi of various kinds is an important item in the grading of corn by physical or chemical means or by performance tests. It may also be an important item in the feeding value of the grain for livestock.
Mitchell and Beadles (i94o) have studied the impairment in the nutritive value of corn by various types of ear rot, using growing albino rats as test animals. They reported that infection with diplodia or fusarium ear rot definitely lowered the digestibility of both protein and energy in corn, as well as the growth promoting value. A sample of corn containing ~3 percent of kernels damaged by the gibberella organism was extremely toxic for the young albino rat.
Many references in the literature reporting observations on the feeding value, or the toxicity, of "moldy" corn are difficult to evaluate because the type of the infective organisms was not identified.
Usually the Nigrospora oryzae organism is of small importance in the state of Illinois as a corn-damaging agent, but in i94~ it occasioned the most prevalent type of ear rot. Quoting Dungan and associates (i946): "In some parts of the state it was most damaging to the late-planted corn that was caught by frost. It also occurred more than usual in many early fields. Nigrospora makes the cobs fragile. Part of the loss from it comes during husking, when the cobs are apt to break. Broken cobs mean corn wasted on the ground." Since many inquiries have been received from livestock feeders concerning the feeding value of corn infected with this fungus, tests were made with such damaged corn using young albino rats as subjects. Essentially the same technic was used as that employed previously by Mitchell and Beadles (i94o).
taken with a Boerner sampler from each lot for the presence of clusters of black spores of Nigrospora oryzae indicated a 53-3 percent incidence in the one lot and an incidence of only i. 7 percent in the other. Hereafter, these lots will be referred to as "unsound" and "sound" corn, respectively.
Fungus identification on ioo kernels selected with the same sampling device from each lot was made with the microscope, all kernels being surface Representative samples of the sound and unsound corn were submitted to chemical analysis and weights were taken of ioo kernels from each lot. The results will be found in table 2. The kernels from the unsound corn sample weighed only 84 percent of those from the sound corn, and seemed to be lower in protein and oil content.
The effect of Nigrospora infection on the nutritive value of corn was tested with reference to protein and to energy. For the protein tests, three experimental rations were made up. Two of the rations contained 8o.57 and 86.8i percent of the sound and unsound corn, respectively, as the sole source of protein, together with vitamin and mineral supplements. They were equated with reference to protein and energy. The third, or diluting, ration contained no corn at all, but the same mineral and vitamin supplements as the other two, with enough starch, sugar and corn oil to furnish approxi, mately the same gross energy per gram.
The rations for the energy tests contained 66.0o and 66.86 percent of sound and of unsound corn, respectively, and were supplemented, not only with vitamins and minerals, but also with so percent of casein. They were, therefore, nutritively complete, closely similar in gross energy content by actual determination in the bomb calorimeter, and possibly different only in the extent of utilization of the contained energy, two-thirds of which, approximately, was provided by the two samples of corn. The composition of all rations is given in table 3. A paired-feeding technic was used throughout these experiments. In the energy tests, paired rats were fed equal amounts of their respective diets and the relative energy values were judged by the gains in body weight pro-duced and by the gross energy content of the pooled carcasses produced on the two diets. In the protein tests, considerable differences in the live weight of rats within each pair were not allowed to develop. As soon as a tendency for a difference in weight appeared, the ration of the rat gaining the faster was diluted with the dilution ration above described, approximately nitrogen free, to the extent required to maintain equality of weight within the pair. The caloric intakes of pair-mates were thus maintained equal, and the protein intakes were adjusted to promote equal body weight gains. Differences in the protein quality of sound and unsound corn were, under these conditions, inversely proportional to the amounts of dietary protein required for equal gains in body weight. As in the energy tests, the carcasses of the rats at the termination of the feeding test were pooled for each of the two rations, and, in this case, analyzed for total nitrogen.
The rats were started on feed at weights of about 50 to 55 gins. and were continued on experiment for 30 days in the energy test and for 42 days in the protein test. There were x~ pairs of rats in the former test and ~ in the latter. The digestibility of dietary nitrogen or of dietary energy was determined in each experiment in a 7-day collection period on constant intake of food, a n~arker (FelOn) being used to separate the experimental feces. At the termination of the feeding periods, the rats were killed with ether, the body lengths from tip of nose to root of tail measured with the body under a standard tension, and the empty body weights determined. The latter weights were used in computing total gains. The carcasses of the experimental rats were frozen, ground finely, composited in each of the two tests according to the ration fed, and samples taken for analysis for total nitrogen in the protein test, and for gross energy in the energy test.
Experimental Results
The average experimental results for both tests are presented in table 4. The statistical significance of the differences between averages is indicated by the number of "pairs conforming" with the relationship between the respective averages. Thus, in the energy test, the final body length averaged ~9x.5 mm. for the rats raised on the sound corn diet, and ~87.6 ram. for the rats fed on the unsound corn diet. Of the ~ pairs of rats on experiment, xo showed a greater body length for the rat on the sound corn ration and only pair showed the opposite. In one pair the body lengths were equal. Hence, the numLer of pairs conforming with the relation between average body lengths is xo.5.
Surprisingly, the palatability of the nigrospora-infected corn was significantly better than that of the sound corn.
The digestibility both of nitrogen and of energy was lower for the un, sound corn than for the sound corn, the depression' amounting to 3.5 percentage units for nitrogen and o. 7 percentage units for energy. Tested by Student's (I9~5) method, the probability that a random combination of the uncontrolled factors in the experiment would have produced average differences as large or larger than these is less than o.oooi for the protein test (t = 6.5i) and 0.oo38 for the energy test (t = 3.32). These probabilities are so small that they can be neglected, and the conclusion may be drawn that the infection of corn with Nigrospora oryzae depresses the digestibility of both the nitrogen and the energy of this grain. In the protein test, the ratio of digestible nitrogen intakes in the two diets required for the promotion of equal body-weight gains averages I for the sound corn to 0.956 for the unsound corn, and 9 of the re pairs conformed with this relationship, indicating that 0.956 gin. of digestible nitrogen from the unsound corn is the nutritive equivalent of I gin. of digestible nitrogen from the sound corn. The probability of a fortuitous outcome is only o.o17 (t = e.46). Hence, the conclusion seems justified that the digestible nitrogen of the unsound corn is somewhat higher in the promotion of growth than the digestible nitrogen of the sound corn. The average nitrogen contents of the carcasses of the two series of rats are practically the same, e.87 and ~.84 percent, testifying to the validity of the above conclusion. This anomalous result may be accounted for by a greater proportion of germ to endosperm proteins in the unsound corn, due to an inhibition of kernel growth (see table e ).
The ratio of intakes of total nitrogen by the two groups of rats was practically i to I, namely, I to o.995 for the sound and unsound corn, respectively. Four pairs favored the sound corn in this respect, and 8 pairs favored the unsound, but actually no statistically significant difference was demonstrated. Apparently, the poorer digestibility of the nitrogen of the unsound corn is compensated for by the poorer utilization in metabolism of the digestible nitrogen of the sound corn.
On equal intakes of gross energy, the rats subsisting upon the unsoundcorn ration gained 4-9 percent less than the rats on the sound-corn ration on the average, and attained a body length averaging ~.o percent less (see table 4 ). These average differences are highly significant statistically, with t values of ~.3I and 3.98 respectively, and probabilities of o.o:r and o.om The energy content of the carcasses of the rats at the termination of the feeding test averaged a.434 Cals. per gram for the rats on sound corn, and ~.33o Cals. per gram for the rats on the unsound corn. The energy of the unsound corn was definitely, if only slightly, less well utilized by the growing rat than the energy of the sound corn.
Only a small part of this difference in energy utilization can be accounted for by a difference in digestibility. The average coefficients of digestibility of energy were 9~.5 percent for the rats on the sound corn ration, and 9o.8 percent for the rats on the unsound corn ration. As stated above, this difference, though small, is statistically significant.
Conclusions
Corn kernels infected with Nigrospora oryzae to the extent of 53 percent 3~8 H. H. MITCftELL, J. R. BEADLE,5, B. KOEHLER AND G. H. DUNGAN by naked eye inspection average 8 4 percent as heavy as comparatively sound corn of the same hybrid and grown in the same field in the same year. Their chemical composition is not greatly different than that of sound corn, though they contain somewhat less nitrogen and ether-soluble constituents.
The nitrogen of the nigrosporaqnfected corn is definitely less digestible by the growing rat than that of sound corn, but the digestible nitrogen is somewhat better utilized in metabolism, possibly because of a greater proportion of nitrogen from the corn germ. These two opposite effects approximately neutralize each other, so that i gram of nitrogen in the damaged corn is the nutritive equivalent of i gram of nitrogen in the sound corn.
The energy of the nigrospora-infected corn is definitely, if only slightly, less digestible than that of sound corn, and appears to be less available in the metabolism of the growing rat. 
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